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MAGNETIC MOMENT OF Smlh_5 AND ATTENUATION FOLLOWING :

us*
THE DECAY OF ORIENTED S
R s : ot
Morton Kaplan, J..Blok- and D. A. Shirley‘
Department of Chemistry and
~Lawrence Radiatlon Laboratory = -
" ‘University of California
. Berkeley, Californisa

‘January 1968

ABSTRACT
Samarlum lhj nucle1 were orlented at low temperatures in neodymlum ;"
Oethylsulfate in cerium magne31um nltrate lattices. From'the temperature~ '

I 145

v dependent angular dlstributlon of the 61- keV'y ray in Pm 7, & magnetlc moment'

= 0.92 0. 06 nm was deduced for the ground state of Sm H5.: The ratlo of '
attenuation coeff1c1ents in the 6l~keV state of Pmt 145 in the two_lattices was
found to be G (CMN)/G (NES)-— +0. uh(lo) EvidenCe is ?resented'which indicates'

| that temperature gradlents in CMN can lead to- erroneously low values for magnetic

 moments.
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INTROD&CTION
Radiocactive isotopes of most of the_rare—earth'elements_have been
yorlented in lattices of neodymium ethylsulfate, Nd( SOM) 9&50,,(NE$),‘oi,"
of cerlum magne51um nltrate, Ce Mg3(N05)12'-2hH O(CMN). In a systematic survey

of orlented rare- earth nuclel in these lattices started in- 1960 we. obtalned

L ! : !
.‘results for Sm M5 that we could not explaln The,magnetic moments derived

. fromistudies in the CMN and NES lattlces were apparently‘quite'different.

While some . of the earliest nork inlthe field of nuclear orientation:showed
,dlscrepanc1es of thls klnd most of these could be attrlbuted to- poor experl-
.‘mental technlque and would dlsappear when the work was done more carefully.

| 'Our Sm 15 results were checked for all the known sources of error, however,‘

land reflnement of technlque only conflrmed them. Wlth the recent dlscovery
that the temperature scales. 1n use . for both NES and CMN were serlously in
error, the Smlh5 data were corrected to the new scales, 2,5 and the magnetlc
" moments deriyed-from the two salts are.now in excellent agreement. The deter-."

‘_mination'of thls.magnetic moment’is'described.here.h : |

| | rHaving fitted the'nuclear orientatlon data. toyderive'moments, one also

f‘obtains,>for each lattice, A2, the,coefficientyof fé(coshe).in theiy;ray.angularf

'-d1str1butlon functlon This-A maybhaye the full value B,UF, implled by angu—”~
.lar momentum theory alone, or it- may be attenuated by a factor GQ Wthh describes
'reorlentatlon in &n 1ntermed1ate state | For this case (i e. 5 the 6l keV tl/2

N

2. 6 nsec state of Pmlu5), we have found substantlal attenuatlon in the CMN

, lattlce, as. described below -
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. EXPERIMENTAL » _ L
The‘Sm;u5'activity.was prepared by neutron irradiation of enriched Smluh,
followed by ion-exchange separation from other rare-earth contaminants, notably
(danghter) Pm1u5, immediately before;use. The PmluS/S 145 y ray 1nten51ty
.ratio was eaSily kept below 1%. As'the Prnll‘L5 Y rays were shown in separate
experiments to be essentially 1sotropic, no correction was necessary.

‘ The heavier rare earths grow substitutionally into the CMN lattice poorly,
the difficulty increasing With Z. Altnough samarium is known-to go into the double
nitrate lattice,5 the complete analjsisfof a nuclear orientation'experiment

requires-tbat nearly all of the activity " in the crystal" should in fact be
‘_substitutionally in the trivalent'lattice sites. Most of the CMN crystals |
that were used in this work.were qnite clear, though none were completely
clear There was no tendency for y- ray anisotropy to increase with crystal
clarity (as would be the case if 51gn1ficant fractions of the act1v1ty were
present as inclusions).v A discrimination factor of only lO:l against Sm
going into CMﬁlwas determined in a separate experiment. Thus, it:seems,ﬂ
unlikely that the low value‘of.A , W5

é-reported below can be attributed to Sm

.thatris in the sample but not orientedrin latticepsites.

: The apparatus has been‘briefl& described.élsewhere.6; It\seems ﬁbrthf ’
thile, however,vto discuss here:in sOme‘detail the.tactors'relating to a very - .
important parameter in naclear orientation experiments, thevheat leak,i

In most'cryogenic experiments involving adiabatic aemagnetizationvit

is‘possible,.by isolating the.specimen and employing abparamagnetic'salt with
v.a large heat'capacity, to reduce'thevheat-leak,into tne‘speciment to negligible
' proportions. 'Heatileaks as low as‘l»erg/min'have been reported.altnough A N

100 ergs/min is & more common Figure.
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- For 31ngle crystal nuclear orientation work many of the devices used
to reduce the heat leak in other experlments are automatlcally excluded and
.except_ln special cases one-is forced to think in terms of a total "warm-up tlme"
'(i.e.,”the'timev required. after demagnetization, for the'specimen to reach :

the temperature of the hellum bath). If one w1shes to determlne radlatlon

o dlstrlbutlons with any reasonable accuracy, it is essentlal that the warm—up

: tlme be much longer than “the countlng 1nterval Inasmuch as meanlngful
,angular dlstrlbutlons may be obtalned only when the entire spec1men is at a
.nearly unlform temperature (1 e., .soon after demagnetlzatlon), thls 1mplies
__that warm up tlmes of many mlnutes, or preferably several hours, are . hlghly

‘;de51rable | | |

i In order to produce warm up times of 1-2 hours ln a CMN crystal or ~8

'.hours 1nam1NES crystal, in a. 81mple apparatus w1th whlch 1t is p0531ble to -

go from room temperature to demagnetlzation temperatures in less than 2 hours,

we have developed the de31gn shown in Fig 1. At the top (not shown) is a.v

‘ brass cap, s1lver soldered to a tube (w1th llght traps tojprevent dlrect

. radlatlon “from above) whlch acts as a’ vacuum llne and support. A short

-‘tungsten:rod-ls s1lver-soldered to the 1ns1de of the.cap, and a 2-mm glassf
rod is'sealed to lts lower-end.' This glass rod is- about 30 cm long and supports,":

‘a compressed salt plll of Mn(NHh) (soh) 6H O Which has a hlgh magnetlc heat
capa01ty and cools, in the stray fleld of. the electromagnet to about 0. 17 K,.

;where 1ts hlgh surface area adsorbs gas leaklng down into the chamber., Below'
this is a slurry of Cr. Ké(SOu) lEH 0 and glycerlne, which cools to ~O Ol K andor

Iacts as a sink for heat conducted down the glass support rod. as well as a .

seconduadsorbent for gas. Flnally'the CMN crystal is attached toua_glass



“hy- ' UCRL-18035

rod framework with Duco cement.. The experlmental chamber consists of a glass
tube, sealed at the bottom, Jjoined to a short copper tube at the top Wlth a
Housekeeper seal.' | | |
Assembly of the apparetus coneiets of attaching the crystal-salt

assembly, soldering_the chamber on at the top, painting the chamber with .
Aquadag (colloidal grathite),bmounting the_inductance coils;-and Wrepping ell’
-1in black paper esle precaution ageinst.radiation leaks through pinholes in'the
Aquadag. With this‘apparatus ﬁarm—up‘times are.typically in the 86—l00:min
range for a 5-10 gram crystal of CMN and ~10 hours for NES. |

- Temperatures were determlhed‘by measuring the susceptibllity'of the.(NES'
or CMN) crystal and correlating this with the magnetic field and tempereture

2,5 Data.

from whlch demagnetlzatlon was done, us1ng the known T S relatlons.
for NES and CMN are'shown~in Figs.ve and 3 The 61~ keV‘y ray was detected at
0° and 90° from the trlgonal axis by 5":X 3" NaI(Tl) detectors. Care vas taken
to insure that data were recOrded only when the crystals were‘et'uniforﬁ teﬁpere-_
tures, i;e.? immediately-after.demagoetlzetion. Thus'eech experimental point-
represents a complete deﬁagnetizationvrun. In Fig. 4 data taken in this wa&
..are contrasted to those taken as a CMN*cr&stalﬂwarme‘up fromrthe lowest temperef'
ture, the latter belng erroneoosly low | |

In the CMN runs the saturatlon values of" W(G 0) and w(e—n/e) were never
’ qulte consistent w1th a P (cos 8) dlstributlon, the functlon W(O) -1 belng
sllghtly larger than the expected 2(l-WGn/2)) This effect, which was scarcely
outeide‘of experimental error, vas orlg;nally attributea to‘ecattering by tﬂeg
CMN crystals, which were typically 3 mmfxveo m X 20 mﬁ,vthe'short:dimeﬁeionv
belng along the c. axis. ExtenSive.tests did not confirm a scatteringlﬁechenism,

however, and the small deviation'remeinS'puzzling.
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DISCUSSION

| The spin Hamiltonain relevant to this work is

H = AS I + B(stx + S&;y)" S

147 .

In the double nitrate lattice we have A > B. TFor.Sm in samarium magnesium

, n1trate,5 A = 0.0346(5)cn™ and B < 0.010 em;t.  In tne_ethylsulfate*lattice

‘ 17 . . 1 :
B> A for Sm 7,in lanthanum ethylsulfate,7 A = 0. 0060(l)cm and B o 025l(l)cm
‘For the lowest electronic'state of sm3+ 1n both lattices S 1/2 The nuclear

17 145

‘ 7spin of Sm~ ' is 7/25’7. for Sm spin T7/2 is the most probable a551gnment
‘Thus'rather direct comparisons,of A and B for the two 1sotopes is possiblem;
The ratio A/B is of course the same for both isotopes 1n a given lattice ' iﬁr
icalculating the temperature dependence of the orientation parameters8 Bk we
-therefore have only one 1ndependent variable to determine for each lattice

In this work the angular distributions could be described to first

approrimation? by functions-of-the form s
w(e) 1 + A2P (cos 9),,

Wheré A, .can be erttenlo Ay = 32U2G2g2F2 | The»solia'anglé-factof gé;-;

'eas1ly calculated and B may be determined from the temperature dependence of

A2 and divided out Reorientation during electron capture decay is described_.'
by Ué. ThlS reorlentation may be’ calculated in principle, but as the details
.of the decay are not known, we can only set the-limits O. h66 < U < 1 ooo

' based_on the-Values 1.000,,0.810, and-O.h66 for' 0, 1, and 2 units of angularr
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momentum in the lepton system. A value of U2 = 0.9 £ 0.1 is very llkely. ?he'
value:df F2 is also a priori unknoWn; because it depends on the E2/Ml mixing
ratio of the 6l—keV'y ray. 1In practice, then, we can determine G?UéFe for
each lattice, and derive the ratio of attenuation factors G2: the results of
this analysis arevset out in Table l.

The excellent agreement of:the values of the magnetic'momen£ derived
from the two laftices supperts the usefulness of the CMN lattice for magnetie
moment determinatiens. In the pasf'fhe magnetic moments derlved from nuelear.
erientation measurements in fhis laﬁtice have almost invariably been erroneously
small. ThlS has been due, in our oplnlon, to the lack of a rellable tempera—
ture scale, to attenuatlon in 1ntermed1ate states, and to hlgh heat leaks. By
minimizing the heat leak‘it should now ne possible, at least in cases for‘
which thevorientatlon Can‘be saturated,'to determine nuclear noments reliably.

f[‘he‘Smlu5 nuelear‘moments.miéht ne expected‘to follew either‘of two
emplrlcal trends, that of 85 neutron nucle1 or that of samarium 1sotopes.-v
The actual trend is- shown in Flg 5 -lt is posslble.that the A-dependence
of u is smoother than this flgure suggests, and perhaps even monotonlc, as .

(Ce ) is based on an extrapolated value of. (r 5} for hf electrons.l; As
thls extrapolatlon is questlonable, the value p.o= 0.97 nm for Celhl must be |
regarded as tentative. ‘ |

From the derived values of G- 2,.we have G-(CMN)/G,(NES)=L+O.hh(1O>.

272
Tt is temptlng £0 1nterpret this ratlo as’ suggestlng Gy (NES) ~1; G, (cvm) ~0 L
This would be consistent with G (CMN) belng a hard core" value for tlme-'

1ndependent perturbatlons in the 6l keV state and W1th little or no attenua—

tion in NES. - It is clear that much more attenuatlon occurs for this state
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in CMN than in NES, and this is consistent with evidence for other cases." A
Perhaps this differehce suggests that changes in oxidation state following
beta decay is faster in CMN,’whereIthe'rare-earth ion isbsurrounded‘by’nitrate

ions, than in NES, where water molecules constitute the immediate enviromment.

ACIdIOWIEbGMENT
‘This paper was in part written while one of ue (DAS) was v151t1ng :
:Mullard Cryomagnetlc Laboratory, Clarendon Laboratory, Oxford Unlver51ty.
The hospltallty of the staff is gratefully acknowledged The Natlonal E
Sc1ence Foundatlon provided financial support through a Senior Postdoctoral

,””Fellowshlp.



- -8- - .. UCRL-18035

FOOTNOTES AND REFERENCES

Thls work.performed under the auspices of the U. S. Atomic Energy Commission.

*¥,

COﬁnecticut.

Permanent Address: Department of Chemlstry, Yale Un1vers1ty, New Haven,

R

Present Address: General Electric Company, Schenectady, New York.

National Science Foundation Senior Postdoctoral Fellow 1966-7.

1.

2.

=3 o Ut

' D. A. Shirley, Amn. Reviews Nucl. Sci. 16, 89 (1966).

R. B. Frankel, D. A. Shirley, and N. J. Stone, Phys. Rev. 140, A1020 (1965).

'J. Blok, D. A. Shlrley, and Nu- J. ‘Stone, Phys. Rev. 1&3, 78 (1966).

A. R Br051, B. H. Ketelle, H. C Thomas, and R. J. Kerr, Phys. Rev. 113, -

239 (1959)
A. H. Cooke and H. J. Duffus, Proc. Roy Soc. Azeg, uo7 (1955)

~C. E. Johnson, J. F Schosley, and D: A. Shlrley, Phys. Rev. 120, 2108 (1960).

G. S,.Bogle and H. E. D. Scov1l, Proc Phys. ‘Soc. A65, 568 (1952)

R. J.,Blln Stoyle and M. A. Grace, Handbuch der Phy51k 42 555 (Sprlnger—
Verlag, Berlin, 1957) o } — |
In the CMN case only, we found con31stently W(O) -1> 2[l W(w/2)], suggest— '
ing an AMPM(COS ) term in the angular dlstrlbutlon, w1th Ay ~ l% at the .

lowest temperatures.- As this would.requlre'a larger-E2 admlxture in the

L 61- -keV 7y ray than the K/L ratloLL allows, we tentatlvely attrlbute the

10.

11.

12.

13,

effect to scatterlng in the cryostat _

R. B. Frankel, D. A. Shlrley, and V. J. Stone, Phys. Rev. 136, B577'(196ﬁ).
I. Llndgren, in Alpha Beta, and Gamma—Ray Spectroscopy ed by Kai
‘Siegbahn (North Holland, 1965) Vol. 2, p. 1621 '

3. M. Deniels and S. K. Misra, %n.J;st M.l%B(M%@

vSee_the following paper.



-9- B o - UCRL-18035

Table I. Summary of results.

Lattice hfs constant bslig 0 GUR,

=
[47]
td
ft

10.028(3)cm ™+ | 1.12(11) o o 5+o;;27(20)',‘

O;ohq(u)cm'l C1as(e) ‘Vﬁ,: »' +ofp55(8)f .

aUsing “lh% = Q.812 ﬁmi we have “Ihs = O,92(6)nﬁ.'
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FIGURE CAPTIONS

1. The cryostat.

o N -
2. Plot of W(0) - W(m/2) for the 61-keV y ray of PP following the
decay‘of SmlLL5 oriented in a neodymium ethylsulfate crystal; Theoretical

curve is shown. .

3. Similar to Fig. 2, but for the cerium magnesium nitrate lattice.
L, Infensity along the c aXis of the 6l—keV‘y ray following the decay :
of Smlbe ‘-oriented in CMN. vOpeIi circles were determined with the crystal

at a uniform temperature. Closed circles represént data obtained as the

_cryStal‘wérmed up: these data give a magnetic moment that is 20% low.

' Fig.

L5

5. Magnetic ﬁoment§ of Sml and related nuclei.
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